
Team Madgraph Sheffield GPU hackathon – 10 Jul 2020 1

MadGraph GPU development 22 June 2020 – O. Mattelaer

https://indico.cern.ch/event/932057/contributions/3917111

https://indico.cern.ch/event/932057/contributions/3917111
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MC generators: simplified

computational anatomy
Pseudo-random numbers

Uniform distribution in [0,1]

One event 𝑖: vector Ԧ𝑟𝑖 (dimension 𝑑)

Draw 𝑑 × 𝑁𝑤𝑔𝑡 numbers 𝑟 (𝑁𝑤𝑔𝑡 weighted events)

Phase space sampling

For each event 𝑖, map Ԧ𝑟𝑖 to physical phase space Ԧ𝑥𝑖 = 𝐻(Ԧ𝑟𝑖)
The resulting Ԧ𝑥𝑖 are distributed according to a known p.d.f. 𝑔( Ԧ𝑥)

Matrix element calculation

For each event 𝑖, compute the differential cross-section 𝑓( Ԧ𝑥𝑖)
Compute also 𝑔( Ԧ𝑥𝑖) and weight 𝑤𝑖=𝑓( Ԧ𝑥𝑖)/𝑔( Ԧ𝑥𝑖)

Parton showers (PS)

Monte Carlo integration

Average of weights I =
1

𝑁
σ𝑤𝑖

 Output: 𝐈 (estimator of 𝒙 𝒅𝒙)

Monte Carlo unweighting

For each event 𝑖, draw 𝑟𝑖 in [0,1]

Accept if 𝑟𝑖 < 𝑤𝑖/𝑤𝑚𝑎𝑥, reject otherwise

 Output: 𝑵𝒖𝒏𝒘 unweighted events

Hadronisation and decay

Particle-level filtering

Detector simulation

Phase space integration optimization

Compute 𝑤𝑚𝑎𝑥

Optimize phase space sampling 𝐻(Ԧ𝑟𝑖) : 

minimize variance of I, 

OR maximize unweighting efficiency

HSF Generator meeting 9 July 2020 - A. Valassi

https://indico.cern.ch/event/936481/contributions/3934875

https://indico.cern.ch/event/936481/contributions/3934875
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Data-parallel paradigms

(GPUs and vectorization)

Generators should lend themselves 

naturally to data-parallel paradigms?

- SPMD: Single Program Multiple 

Data (GPU accelerators)

- SIMD: Single Instruction Multiple 

Data (CPU vectorization: AVX…)

- The computationally intensive 

part, the matrix element 𝑓( Ԧ𝑥𝑖), is 

the same function for all events i 

(in a given category of events)

- Unlike detector simulation 

(frequent if/then branches: on 

GPUs, branch divergence)

*Note for software engineers: these calculations do involve some 

linear algebra, but “matrix element” does not refer to that! Here we 

compute one “matrix element” in the S-matrix (scattering matrix) 

for the transition from the initial state to the final state

Pseudo-random numbers

Uniform distribution in [0,1]

One event 𝑖: vector Ԧ𝑟𝑖 (dimension 𝑑)

Draw 𝑑 × 𝑁𝑤𝑔𝑡 numbers 𝑟 (𝑁𝑤𝑔𝑡 weighted events)

Phase space sampling

For each event 𝑖, map Ԧ𝑟𝑖 to physical phase space Ԧ𝑥𝑖 = 𝐻(Ԧ𝑟𝑖)
The resulting Ԧ𝑥𝑖 are distributed according to a known p.d.f. 𝑔( Ԧ𝑥)

Matrix element* calculation

For each event 𝑖, compute the differential cross-section 𝑓( Ԧ𝑥𝑖)
Compute also 𝑔( Ԧ𝑥𝑖) and weight 𝑤𝑖=𝑓( Ԧ𝑥𝑖)/𝑔( Ԧ𝑥𝑖)

Monte Carlo integration

Average of weights I =
1

𝑁
σ𝑤𝑖

 Output: 𝐈 (estimator of 𝒙 𝒅𝒙)

Monte Carlo unweighting

For each event 𝑖, draw 𝑟𝑖 in [0,1]

Accept if 𝑟𝑖 < 𝑤𝑖/𝑤𝑚𝑎𝑥, reject otherwise

 Output: 𝑵𝒖𝒏𝒘 unweighted events
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CERN IT-SC group meeting 11 June 2020 - S. Roiser

https://indico.cern.ch/event/921329/contributions/3881034

https://indico.cern.ch/event/921329/contributions/3881034
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July 2020 - S. Roiser

https://docs.google.com/spreadsheets/d/1L7saADFM7Atx8hgjd-NV-lT49OLVZ-I3bA9VMZBHvbk/

https://docs.google.com/spreadsheets/d/1L7saADFM7Atx8hgjd-NV-lT49OLVZ-I3bA9VMZBHvbk/

